Palmitic acid (PA) is the most common saturated long-chain fatty acid in food that causes cell apoptosis. However, little is known about the molecular mechanisms of PA toxicity. In this study, we explore the effects of PA on proliferation and apoptosis in human osteoblast-like Saos-2 cells and uncover the signaling pathways involved in the process. Our study showed that endoplasmic reticulum (ER) stress and autophagy are involved in PA-induced Saos-2 cell apoptosis. We found that PA inhibited the viability of Saos-2 cells in a dose-and time-dependent manner. At the same time, PA induced the expression of ER stress marker genes (glucose-regulated protein 78 (GRP78) and CCAAT/enhancer binding protein homologous protein (CHOP)), altered autophagy-related gene expression (microtubule-associated protein 1 light chain 3 (LC3), ATG5, p62, and Beclin), promoted apoptosis-related gene expression (Caspase 3 and BAX), and affected autophagic flux. Inhibiting ER stress with 4-PBA diminished the PA-induced cell apoptosis, activated autophagy, and increased the expression of Caspase 3 and BAX. Inhibiting autophagy with 3-MA attenuated the PA and ER stress-induced cell apoptosis and the apoptosis-related gene expression (Caspase 3 and BAX), but seemed to have no obvious effects on ER stress, although the CHOP expression was downregulated. Taken together, our results suggest that PA-induced Saos-2 cell apoptosis is activated via ER stress and autophagy, and the activation of autophagy depends on the ER stress during this process.
Introduction
Diets rich in high-fat foods, especially saturated fats, cause high plasma lipid levels in blood, leading to obesity and insulin resistance. A connection between obesity and osteoporosis has been suggested (Zhao et al. 2007a; Zhao et al. 2007b) . Observational studies have shown that patients with type 2 diabetes mellitus (T2DM) have higher risks of osteoporosis (Zhao et al. 2007b) . Palmitic acid (PA) is the most common saturated long-chain fatty acid in food and is present in plant and animal products, such as palm oil, coconut oil, cheese, butter, and lard. Extensive epidemiological data show that PA triggers apoptosis in many cell types, including neuronal cells (Hsiao et al. 2014) , granulosa cells (Mu et al. 2001) , cardiomyocytes (Leroy et al. 2008) , stem cells (Lu et al. 2012) , hepatocytes (Mei et al. 2011 ) and endothelial cells . Lipotoxicity can induce cell apoptosis via numerous mechanisms, including endoplasmic reticulum (ER) stress (Cunha et al. 2008 ) and autophagy (Jaishy and Abel 2016; Las and Shirihai 2010; Li et al. 2014) . Lei Yang and Gaopeng Guan contributed equally to this work.
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The ER is an indispensable and elaborate eukaryotic organelle that controls protein biogenesis and trafficking and maintains cellular homeostasis (Ma et al. 2010) . Many perturbations, including protein degradation, calcium imbalance, hypoxia, and cellular redox regulation, can affect ER homeostasis and trigger a protective mechanism known as the unfolded protein response (UPR), which aims to sustain cell survival and helps to reestablish homeostasis (Szpigel et al. 2018) . Glucose-regulated protein 78-kDa (GRP78) is an ER chaperone that interacts with activating transcription factor 6 (ATF6), inositol requiring enzyme 1α (IRE1α), and pancreatic ER kinase (PERK) in the ER membrane, which maintains these transmembrane proteins in an inactive configuration (Yang et al. 2016a ). The UPR assists protein synthesis by eliminating misfolded or unfolded proteins through ER-associated degradation (ERAD) and lysosome-mediated autophagy (Cawley et al. 2011; Chen et al. 2016) . However, when the UPR fails to manage misfolded and unfolded proteins, the cellular apoptosis pathways are triggered (Ben et al. 2015; Walter and Ron 2011) . ER stress often induces cell apoptosis via the CCAAT/ enhancer-binding protein homologous protein (CHOP).
Autophagy is a complex catabolic process in eukaryotes for degrading and recycling the cytoplasmic components through autophagosome formation and lysosome degradation (Hsu et al. 2017; Liang and Kobayashi 2016) . Cellular stresses such as nutrient deprivation, oxidative stress, or lipotoxicity block autophagy, thus causing cellular apoptosis, whereas the activation of autophagy alleviates damage and restores cellular function (Han and Wang 2017) , which indicates that autophagy is essential for the maintenance of cellular homeostasis during various stress conditions (Liu and Levine 2015) . However, there is increasing evidence that excessive or uncontrolled levels of autophagy may be essential for cell apoptosis in certain settings (Levine and Yuan 2005; Liu and Levine 2015; Matsui et al. 2007 ). Moreover, a recent study reported inhibiting autophagy against cardiac hypoxia/reoxygenation injury in H9c2 cells . As a set of evolutionarily conserved proteins, the autophagy-related proteins, mediate the homeostasis functions of autophagy through the formation of a doublemembrane bound structure termed the autophagosome (Liu and Levine 2015) . In addition, the cytosolic form of the microtubule-associated protein 1 light chain 3 (LC3) I (LC3I) transforms to the lipidated form of LC3II by the cysteine protease Atg5 (Dikic and Elazar 2018) .
As mentioned above, both autophagy and ER stress play a fundamental role in the maintenance of cellular homeostasis. Moreover, recent studies also showed that ER stress (Yamada et al. 2015) and autophagy (Xia et al. 2010; Zhang et al. 2016) are involved in diabetic osteoporosis. In addition, ER stress could be a novel autophagy inducer (Zeng et al. 2017) .
In this study, we aimed to explore the potential molecular mechanisms of PA-induced Saos-2 cell apoptosis. Herein, we investigated whether ER stress and autophagy are involved in PA-induced Saos-2 cell apoptosis and explored the relationship between ER stress and autophagy in PA-induced Saos-2 cell apoptosis.
Materials and methods

Materials
3-methyladenine (3-MA, autophagy inhibitor), PA, rapamycin (also named AY-22989, autophagy agonist), 4-phenylbutyrate (4-PBA, ER stress inhibitor), and thapsigargin (TG, ER stress agonist) were purchased from Sigma Chemical Co. (St. Louis, MO, USA). McCoy's 5a medium and fetal bovine serum (FBS) were purchased from Gibco (Grand Island, NY, USA). Human osteoblast-like Saos-2 cells were purchased from the cell bank of the Shanghai Institute for Biological Sciences, Chinese Academy of Sciences (Shanghai, China). Total Protein Extraction Kit and BCA Protein Assay Kit were purchased from Nanjing Keygen Biotech Co., Ltd. (Nanjing, Jiangsu, China). The Annexin V-PE/ PI Apoptosis Analysis Kit was purchased from Beyotime Institute of Biotechnology (Shanghai, China). All the antibodies were obtained from Abcam Biotechnology (Shanghai, China) or Santa Cruz (Shanghai, China). The details of antibodies are listed in Supplementary Table S1 . PVDF membranes were obtained from Millipore (Bedford, MA). Caspase 3 Activity Colorimetric Assay Kit were obtained from Nanjing Biobox Biotech (Nanjing, China). mCherry-GFP-LC3 plasmid was purchased from Fenghui Shengwu Biotech Co., Ltd. (Wuhan, Hubei, China). Lipofectamine 2000™ reagent was obtained from Thermo Fisher Scientific (Shanghai, China).
Cell culture and treatment
Saos-2 cells were cultured in McCoy's 5a medium supplemented with 10% FBS 50 μg/mL penicillin and 50 μg/mL gentamicin in a humidified incubator at 37°C and 5% CO 2 . The growth medium was refreshed every 3 days. When the cells reached 70-80% confluence, they were treated with different concentrations (0-800 μM) of PA, and the morphology of Saos-2 cell was imaged in supplementary Fig. S1 . At various times (0-48 h) during the treatment, cells were collected and processed for further experiments. In other experiments, Saos-2 were exposed to 200 μM PA in the presence or absence of 500 nM 4-PBA, 5 mM 3-MA, 5 μM AY-22989, or 500 nM TG for 24 h. After culture, the cells were collected for CCK8, flow cytometry, mCherry-GFP-LC3, Caspase 3 activity measurement, and western blotting analysis.
Measurement of cell viability
Saos-2 cells proliferation was monitored by CCK8 according to the guidelines. Cells were plated at a density of 2 × 10 4 per well in 96-well plates. After treatment with 0-800 μM PA for 24 h, 10 μl of CCK8 was added to each well, and the cells were incubated for 2 h at 37°C. Lin et al. 2012; Wang et al. 2016; Wang et al. 2015) .
Western blot
After the treatment, Saos-2 cells were collected and washed with ice-cold PBS and lysed with RIPA buffer, and the total protein concentration was measured by the BCA assay. Fifty micrograms of total protein from each sample was loaded into each well of a 15% SDS-PAGE gel, and then proteins were separated by electrophoresis. Proteins were then transferred to PVDF membranes. After blocking in TBST with 10% nonfat milk for 2 h, the samples were incubated with anti-CHOP antibody (diluted 1:1000), anti-Beclin1 antibody (diluted 1:1000), anti-GRP78 antibody (diluted 1:1000), anti-LC3 antibody (diluted 1:1000), anti-ATG5 antibody (diluted 1:1000), anti-BAX antibody (diluted 1:500), anti-p62 antibody (diluted 1:1000), and anti-β-actin antibody (diluted 1:2000) overnight at 4°C. After washing, the membranes were incubated with secondary antibody conjugated to horseradish peroxidase at 37°C for 30 min. The immunoreactive bands were visualized using a Super Signal West Pico kit, according to the manufacturer's instructions, and the density of the protein bands (Supplementary Fig. S1 and S2) were measured by densitometric analysis using ImageJ (Version 1.49).
mCherry-GFP-LC3 analysis
mCherry-GFP-LC3 analysis was used to evaluate autophagic flux. The mCherry-GFP-LC3 plasmid was transfected into Saos-2 cells using the Lipofectamine 2000™ reagent according to the manufacturer's instructions. Briefly, the cells were seeded at 1 × 10 6 per well in a 6-well plate. After 24 h, the cells were transfected with 4 μg of plasmids and 10 μl of Lipofectamine. After 6 h of incubation, the medium was removed and replaced with fresh culture medium for 42 h. The red fluorescent proteins (RFP) and green fluorescent proteins (GFP) were observed using a laser scanning microscope system (Olympus Corporation, Tokyo, Japan). GFP degrades in an acidic environment while RFP does not. Thus, yellow spots (formed out of the overlap between red and green) indicate autophagosomes, while red spots indicate autophagic lysosomes. If autophagy is activated, the red signal will dominate over yellow (Amplified figures in Supplementary Fig. S4 , S5 and S6). If autophagy is suppressed, there will be more yellow signal than red signal (Feng et al. 2017) .
Caspase 3 activity measurement
Caspase 3 activity was measured using a Caspase 3 Activity Colorimetric Assay Kit as previous reported Wang et al. 2015) . Simply, after PA exposure, the cells were harvested by centrifugation and incubated in lysis buffer on ice for 15 min. The lysates were then centrifuged at 15,000 rpm and 4°C for 15 min, and the protein content was determined using the BCA Protein Assay Kit according to the manufacturer's instructions. Then, each sample was incubated with the Caspase 3 substrate at 37°C in a microplate for 4 h. The samples were measured at 405 nm using a microplate reader (Bio-Rad 680).
Statistical analyses
All experiments were repeated at least three times for each group, and the data are presented as the mean ± SEM. The data were analyzed by ANOVA, followed by Fisher's least significant difference test and independent samples Student's t test, with SPSS software, version 13.0 (SPSS, Chicago, IL, USA).
Results
Effect of PA on the proliferation and apoptosis in Saos-2 cells
To detect the toxic effect of PA on Saos-2 cells, the cells were treated with 0-800 μM PA for 24 h. CCK8 results showed that PA treatment reduced the cell viability in a dose-dependent manner and the minimum effective dose was 100 μM PA (Fig. 1a) . Flow cytometry analysis revealed that PA treatment increased the percentage of apoptotic Saos-2 cells in a dosedependent manner compared with the control (Fig. 1b) . In addition, the IC50 value was approximately 200 μM. These results showed that PA reduced cell viability and induced cell apoptosis in a dose-dependent manner.
Effect of PA on Caspase 3 activity and BAX expression in Saos-2 cells
To further explore the mechanism of PA on cell apoptosis of Saos-2 cells, apoptosis-related gene expression (Caspase 3 and BAX) was measured by colorimetric assay and western blot analysis, respectively. The results showed that Caspase 3 activity was similar to BAX expression during the culture at different times or with different doses. PA enhanced the levels of Caspase 3 activity and BAX protein in a dose-dependent manner at 24 h (Fig. 2a, b) . At the same time, PA-induced Caspase 3 activation and BAX expression started from 12 to 48 h, and the highest Caspase 3 activation and BAX expression were observed at 48 h (Fig. 2c, d ). These results showed that PA-induced cell apoptosis was related to the Caspase 3 activation and BAX expression.
Effect of PA on ER stress in Saos-2 cells
To determine the role of ER stress in PA-induced in Saos-2 cell apoptosis, ER stress marker genes (GRP78 and CHOP) expression was detected by western blot (Fig. 3) . PA treatment significantly induced the expression of GRP78 in a dose-dependent manner, although treatment with 400 and 800 μM PA did not produce differences at 24 h (Fig. 3a) . Moreover, GRP78 protein levels gradually increased at 3 h and remained a high level at 24 h but decreased at 48 h after treatment with 200 μM PA (Fig. 3b) . The expression levels of the CHOP protein were increased similar with GRP78 expression after treatment with different doses of PA at 24 h (Fig. 3a) . However, CHOP was weakly detected after treatment with 200 μM PA for 3 h and 6 h but began to increase at 12 h, and the highest expression levels of CHOP were found at 24 h (Fig. 3b) . These results indicated that ER stress is related to PA-induced Saos-2 cell apoptosis.
Effect of PA on autophagy in Saos-2 cells
To determine the effects of PA on autophagy of Saos-2 cells, the expression levels of autophagy-related genes (Beclin1, ATG5, p62, and LC3) were studied via western blot. The results showed that the expression pattern of Beclin1, ATG5, and LC3II was similar during the culture at different times or with different doses of PA, but not p62. The levels of Beclin1, ATG5, and LC3II protein was increased in a dose-dependent manner, and the p62 was decreased after PA treatment (Fig. 4a) . Moreover, activated autophagy (the increased expression levels of Beclin1, as shown in Fig. 4b ) occurred as early as at 3 h and remained at a high level for 48 h. However, the expression of p62 was increased between 3 and 6 h and decreased again from 12 to 48 h (Fig. 4b) . These results indicated thatautophagyisrelatedto PA-inducedSaos-2cellapoptosis.
Role of ER stress on PA-induced apoptosis in Saos-2 cells
To confirm the role of ER stress and its relation with autophagy in PA-induced cell apoptosis, we used 4-PBA to inhibit ER stress or TG to activate ER stress during the treatment. Similar results were observed using the CCK8 assay and flow cytometry (Fig. 5a, b, c) . Further, both PA and TG obviously reduced cell viability, induced apoptosis, promoted Caspase 3 activity, and enhanced BAX expression. Treatment with 4-PBA promoted cell viability, prevented cell apoptosis, and inhibited the apoptotic regulatory genes, Caspase 3 and BAX (Fig. 5a, b, c, f, g ). Meanwhile, 4-PBA successfully reduced the protein levels of GRP78 and CHOP (Fig. 5g) . Western blot analyses also revealed that the protein levels of Beclin1, ATG5, and LC3II in the PA-induced Saos-2 cell were decreased, but not p62, after treatment of 4-PBA (Fig. 5g) . In addition, PA and TG increased the percentage of red and yellow puncta, and 4-PBA treatment inhibited PA-induced the increased percentage of red puncta and yellow puncta, suggesting that 4-PBA treatment significantly alleviated PAinduced autophagy (Fig. 5d, e) . These results indicated that ER stress is involved in PA-induced Saos-2 cell apoptosis and can activate autophagy in PA-induced cell apoptosis.
Role of autophagy in PA-induced cell apoptosis in Saos-2 cells
To confirm the role of autophagy and its relation with ER stress in PA-induced cell apoptosis, we used 3-MA to inhibit autophagy or AY-22989 to activate autophagy during the treatment. The results showed that 3-MA effectively increased the cell viability, suppressed cell apoptosis, decreased Caspase 3 activity, and inhibited BAX expression caused by PA at 24 h compared with the control (Fig. 6a, b, c, f, g ). Western blot showed that 3-MA successfully inhibited the expression of Beclin1, ATG5, and LC3 induced by PA but seemed to increase the p62 accumulation (Fig. 6g) . At the same time, 3-MA suppressed CHOP expression caused by PA, but not GRP78 (Fig. 6g) . However, autophagy agonist AY-22989 had no obvious effects on the cell viability and cell apoptosis compared with the control (Fig. 6a, b) . In addition, 3-MA treatment decreased PA-induced the formation of autophagosome and autolysosomes (Fig. 6d, e) . These results demonstrated that autophagy is involved in PA-induced Saos-2 cell apoptosis but may have no obvious effect on ER stress.
Role of autophagy in ER stress-induced apoptosis in Saos-2 cells
The above data indicated that ER stress was the upstream event leading to autophagy during PA-induced Saos-2 cell apoptosis. To further explore the role of autophagy in ER stress-induced apoptosis in Saos-2 cells, we added 3-MA or AY-22989 to the culture medium with or without TG. The results showed that 3-MA successfully rescued the TGinduced cell apoptosis and the cell viability decrease caused by PA (Fig. 7a, b, and c) . At the same time, 3-MA treatment altered PA-induced expression of the apoptotic regulatory genes (Caspase 3 and BAX, Fig. 7f, g ). In addition, 3-MA altered PA-induced autophagy-related gene (Beclin1, ATG5, p62, and LC3II) expression (Fig. 7g) . Consistently, 3-MA treatment partly decreased TG-induced autophagic flux (Fig.  7d, e) . These results demonstrated that autophagy is involved in ER stress-mediated Saos-2 cell apoptosis.
Discussion
Numerous studies have demonstrated the relationship between obesity and osteoporosis, and epidemiological evidence has shown that obesity is correlated with increased bone mass. However, the detailed mechanisms of diabetic osteoporosis have not been fully elucidated. In the present study, we use PA to study the mechanisms of lipotoxicity on Saos-2 cells. We demonstrate that PA-induced Saos-2 cell apoptosis is activated via ER stress-mediated autophagy. We first detected the effect of PA on the proliferation and apoptosis of Saos-2 cells. The data from our study showed that PA inhibited cell viability and induced cell apoptosis in a dose-dependent manner. Moreover, the IC50 value was approximately 200 μM PA, therefore in the next study, we used 200 μM PA as the induction concentration. These results further support the previous studies that PA promotes apoptosis in many cell types and cell lines, such as neuronal cells (Hsiao et al. 2014) , cardiomyocytes (Leroy et al. 2008 ), stem cells (Lu et al. 2012) , and hepatocytes (Mei et al. 2011) .
To further clarify PA's role in cell apoptosis, we measured the apoptosis-related genes expression (Caspase 3 and BAX). Caspase 3 acts as an executioner in Caspase-mediated apoptosis, and the expression of Caspase 3 positively correlates with the rate of apoptosis in cells (Lakhani et al. 2006; Porter and Jänicke 1999; Wen et al. 2017) . Moreover, in the BCL 2 family, BAX has a proapoptotic effect (Chen et al. 2010; He et al. 2018; Mu et al. 2001) . In the present study, the Caspase 3 activation (Zhu et al. 2016 ) and BAX expression (He et al. 2018 ) was upregulated after PA treatment, as previously shown in other studies. Based on these results, we concluded that PA can regulate Caspase 3 activation and BAX expression to affect cell apoptosis in Saos-2 cells. Many studies have provided evidence that ER stress is involved in the process of osteoporosis (Hino et al. 2010; Li et al. 2017; Lisse et al. 2008 ). An increasing number of studies also reported that ER stress was involved in cell apoptosis (Chamolstad et al. 2016; Gunn 2007; Gwak et al. 2016; Qaisiya et al. 2016; Szegezdi et al. 2006) . To detect effect of PA on ER stress in Saos-2 cells, the cells were cultured with different dose of PA for different times. As expected, PA treatment induced the expression of GRP78 and CHOP in a dosedependent manner. Moreover, PA induced the activation of ER stress from 3 to 48 h. These results revealed that ER stress was activated in PA-treated cells in a marked dose-and timedependent manner. This is similar to the results of our previous study demonstrating that zearalenone induced RAW 264.7 macrophage apoptosis via ER stress .
In addition, PA induced upregulation of Beclin1, ATG5, and LC3 protein expression in dose-and timedependent manner, which indicated that PA also activated autophagy in Saos-2 cells. This study confirmed the previous study that PA can induce cell apoptosis and autophagy activation in endothelial cells , hepatocytes (Tu et al. 2014) , podocytes (Jiang et al. 2017) , and intestinal epithelial cells (Maeyashiki et al. 2017) . However, the expression of p62 was different than expected. The levels of p62 expression were decreased from 12 to 48 h, and the downregulation occurred in dosedependent manner. The continued decrease in expression levels of p62 in the PA-treated cells may be due to excessive induction of autophagy in Saos-2 cells treated with PA. In addition, the excessive autophagy induced cell apoptosis .
To decipher the role of ER stress in PA-mediated Saos-2 cell apoptosis, we suppressed ER stress by 4-PBA during the culture. Our data indicated that 4-PBA obviously inhibited the related genes, GRP78 and CHOP that were induced by PA in Saos-2 cells. In addition, 4-PBA partially reversed PAinduced cell apoptosis and viability decrease. The results were consistent with previous studies that PA induced ER stress and apoptosis in hepatoma cells (Yong et al. 2012; Zhang et al. 2011) , renal cells (Katsoulieris et al. 2009) , and pancreatic islet β-cells (Martinez et al. 2008) . Our study revealed for the first time that ER stress is involved in PA-induced Saos-2 cell apoptosis.
To test the role of autophagy in PA-mediated Saos-2 cell apoptosis, Saos-2 cells were treated with PA in the presence or absence of the autophagy inhibitor 3-MA. Our results indicated that blocking of autophagy with 3-MA partially inhibited PA-induced cell apoptosis, and decreased vitality, the expression of Beclin1, ATG5, and LC3 II, and autophagic flux, while increasing p62 expression (p62 protein is an important substrate for autophagy degradation). This is the first report that autophagy is involved in PA-induced Saos-2 cell apoptosis. However, active autophagy by AY-22989 appeared to have no obvious effects on cell viability and apoptosis. The possible explanation may be that a certain level of autophagy has no obvious effect on cell function or is helpful for cells to maintain cell survival. However, excessively autophagy activation induced by ER stress or PA can lead to cell apoptosis (Zeng et al. 2017) .
Previous studies demonstrated that ER stress is an autophagy inducer (Ma et al. 2014; Momoi 2006; Zeng et al. 2017) . Some studies also indicated that autophagy is involved in PA-induced cell apoptosis (Jiang et al. 2017; Tan et al. 2012) . Furthermore, our study found that both ER stress and autophagy are involved in PA-induced Saos-2 cell apoptosis. Therefore, we further tested the potential relations of ER stress and autophagy in PAinduced cell apoptosis. Our research found that inhibition of ER stress by 4-PBA partially blocks the expression of Beclin1, ATG5, and LC3, and the PA-induced autophagic flux, indicating that ER stress is an inducer of autophagy (Zeng et al. 2017) .
We detected the expression of GRP78, CHOP, BAX, and Caspase3 activation in Saos-2 cells when 3-MA was added to the culture medium. Our results showed that inhibition of autophagy by 3-MA had no obvious effects on the expression of GRP78, but significantly decreased the expression of CHOP, BAX, and Caspase 3 activation. Our results suggest that that GRP78 is antiapoptotic during the ER stress ), but CHOP, BAX, and Caspase3 (Yang et al. 2016b; Zheng et al. 2014 ) are proapoptotic in cell apoptosis. Moreover, 3-MA lowered PA-induced cell apoptosis, which indirectly inhibit CHOP, BAX, and Caspase 3 expression.
We further study the role of autophagy in ER stressmediated Saos-2 cell apoptosis. We also found that inhibition of autophagy by 3-MA attenuated TG-induced apoptosis. This was further supported by the decrease in expression of CHOP, BAX, and Caspase 3 activation. In addition, 3-MA treatment suppressed autophagy-related genes expression and the number of autophagosomes and autolysosomes. This result confirms that autophagy is involved in ER stress-mediated cell apoptosis, and ER stress-induced autophagy may be due to excessive autophagy, which leads to cell apoptosis (Feng et al. 2017 ). 
Conclusions
In summary, our study demonstrates that both ER stress and autophagy are involved in PA-induced Saos-2 cell apoptosis, and the activation of autophagy depends on the ER stress during this process. This study offers new insights into the molecular mechanisms of lipotoxicity in diabetic osteoporosis. Fig. 7 Effect of 3-MA on the growth and apoptosis of TG-treated Saos-2 cells. a Cell viability was measured by CCK8 assay. b, c Apoptosis analysis was detected via flow cytometry. d, e Autophagic flux was evaluated by mCherry-GFP-LC3 analysis. f The Caspase 3 activity in Saos-2 cells. g The relative expression of related proteins. The ratio LC3II/ LC3I and other proteins expression levels was normalized to β-actin. 3MA, 5 mM 3-methyladenine; TG, 500 nM thapsigargin; AY, 5 μM AY-22989. Statistical analysis is shown in the bar graphs. Data are presented as the mean ± SEM of three independent experiments. Bars with different letters are significantly different (p < 0.05)
